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Investigation and Remediation of an Urban Karst Groundwater Gasoline 
Leak at Lost River Cave, Bowling Green, Kentucky 
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Maric4  
1Center for Human GeoEnvironmental Studies, Western Kentucky University 
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Since the 1980’s, the City of Bowling Green, Kentucky, has dealt with numerous gasoline leaks 
in the underground rivers that comprise its urban karst landscape. After extensive work to 
conduct dye traces, geophysical investigations, and mapping of the cave passages and 
groundwater system, many of the issues derived from leaking underground storage tanks (USTs) 
and other surface spills were eradicated as sources were identified and regulations and UST 
installation and monitoring practices evolved to reduce the threat of leakage. Recently, in March 
2019 gasoline fumes were detected within Lost River Cave at the tourist entrance and throughout 
other parts of the system at actionable concentrations that persisted for several weeks on and off. 
Following storm event activity, the fume concentrations increased and persisted at levels that 
initiated a response by the Kentucky Division of Waste, EPA, City of Bowling Green 
Environmental Compliance Division, and WKU CHNGES to locate and resolve the source of the 
leak as it had spread throughout the underground passages of Lost River and was affecting cave 
tours and several residences within the area. After an initial investigation of the area for obvious 
leaks or sources from local gas stations and bulk facilities, additional work was conducted to 
locate sinkholes, fumes, and other potential sources. A sinkhole was opened after finding high 
concentrations of fumes using a PID, which led to the discovery of an extensive epikarst cave 
system with a running stream in which product was discovered and sampled. Analysis indicated 
weathered gasoline and a dye trace study was conducted using three dyes from a nearby bulk 
facility with aged storage tanks and to connect the newly discovered stream to Lost River and 
surface water bodies, from which all traces were successful. After identifying the potential 
source being the bulk plant, UST removal occurred and additional monitoring of downstream 
sample sites was undertaken to measure the reduction of the gasoline as the system responded to 
storm events and the remediation process. Upon removal of the tanks and after multiple storm 
flushes, the fumes decreased and the detection of gasoline in the new cave fell below actionable 
levels. Longer-term study of the site is underway to analyze the natural hydrocarbon attenuation 
through karst hydrologic and microbiological processes in the system. Additional dye tracing 
was conducted to determine the drainage area of the contaminated cave to continue to interpret 
the event for future mitigation. The project led to the discovery of a new tributary to the system 
and the need for improved mapping, GIS database construction, dye tracing, facility monitoring, 
and emergency response planning for urban karst groundwater contamination events, which are 
currently underway for the City of Bowling Green and being developed for application across 
urban karst areas. 
 
SESSION 1: WATER RESEARCH: IMPACTING THE LIVES OF KENTUCKIANS 
12 
 
Spatial and Seasonal Variation in Concentrations of Disinfection Byproducts 
in the Public Drinking Water System of Martin County, Kentucky 
Jason M. Unrine1, Nina McCoy1,2, W. Jay Christian3, Wayne Sanderson4, Ricki Draper1,2,5, Madison Mooney1,2, 
Lindell Ormsbee6,7, Mary Cromer8, and Anna G. Hoover9 
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3Department of Epidemiology, University of Kentucky 
4Department of Biosystems and Agricultural Engineering, University of Kentucky 
5Livelihoods Knowledge Exchange Network 
6Department of Civil Engineering, University of Kentucky 
7Kentucky Water Resources Research Institute, University of Kentucky 
8Appalachian Citizens’ Law Center, Inc. 
9Department of Preventive Medicine and Environmental Health, University of Kentucky 
Jason.Unrine@uky.edu 
 
Drinking water disinfection byproducts (DBPs) are formed when disinfectants (e.g. chlorine, 
bromine, chloramine, UV radiation, ozone) react with natural and anthropogenic organic matter 
and inorganic ions during treatment of drinking water.  Of the myriad compounds that are 
formed, two classes of organic compounds trihalomethanes (THMs) and haloacetic acids 
(HAAs), as well as the inorganic ions bromate and chlorite, are currently regulated under the 
Safe Drinking Water Act based on their prevalence and toxicity.  These compounds have been 
associated with a range of adverse health effects depending on exposure level and 
duration.  Controlling levels of DBPs can be challenging for drinking water systems with 
degraded infrastructure and inadequate financial and technical resources, particularly those that 
rely on chlorination as a disinfection method and surface water as the source water.  The 
drinking water system in Martin County, Kentucky has a history of violations of DBP 
regulations, and can serve as a case study for investigating the formation of DBPs in rural 
drinking water systems.   
To increase our understanding of the factors that influence formation of DBPs in Martin County 
and within rural drinking water systems in general, we investigated the spatial and seasonal 
variation in THM and HAA concentrations in relation to drinking water properties (pH, 
temperature, conductivity, total chlorine, free chlorine, total organic carbon, network distance 
from the treatment plant). We collected drinking water samples from 97 individual homes over 
the course of one year and analyzed them for temperature, electrical conductivity, pH, free 
chlorine, total chlorine, THMs (chloroform, bromodichloromethane, dibromochloromethane, 
dichlorobromomethane, and bromoform) and HAAs (monochloroacetic acid, dichloroacetic acid, 
trichloroacetic acid, bromoacetic acid, and dibromoacetic acid).   
Spatial correlation analysis revealed no spatial clustering for THM concentrations and only weak 
clustering for HAA concentrations.  In contrast, there was a strong seasonal pattern for both 
HAA and THMs, with concentrations of HAA peaking in mid-summer and THMs peaking in 
early fall.  Multiple regression analysis revealed that THM concentrations were most strongly 
related to conductivity, while HAA concentrations were more strongly related to 
temperature.   Further regression analysis of the data for individual compounds revealed that 
DBP compounds that only contained chlorine halogen groups were strongly associated with 
temperature, while compounds containing bromine were more strongly correlated with 
conductivity.  While we did not collect source water for this experiment, we suspect that these 
SESSION 1: WATER RESEARCH: IMPACTING THE LIVES OF KENTUCKIANS 
13 
 
patterns could be explained by the concentrations of pre-cursors in source water and how they 
relate to these properties.  Future studies should incorporate sampling of source water to better 
understand DBP formation factors.  A more detailed spatial analysis that that takes into account 
the locations of storage tanks and other features of the distribution network also may be 
necessary.  Finally, DBPs are regulated on a running annual average basis; however, temporary 
exceedances of the MCLs during summer and fall were driven by increases in formation of 
brominated DBP compounds during periods of increased electrical conductivity.  Brominated 
DBPs tend to have higher toxicity than DBPs containing only chlorine.  The sources of bromine 
in source water therefore should be investigated.  Previous research has indicated that coal 
mining and coal combustion waste are potential sources of bromine, but natural geogenic sources 
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Farmer to Farmer: Virtual Shop Talks 
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1Agriculture Extension Programs, University of Kentucky 
2College of Forest Resources, Mississippi State University 
3North Central Region Water Network, University of Wisconsin-Madison 
4Crop, Soil & Environmental Science, University of Arkansas 
5Wisconsin Discovery Farms, University of Wisconsin-Madison 
6Natural Resources Institute, University of Wisconsin-Madison 
Amanda.Gumbert@uky.edu 
 
A significant portion of the Mississippi-Atchafalaya River basin is farmland, and farmers across 
this landscape have the potential to impact water quality by utilizing conservation practices and 
sharing their successes and challenges with their peers. Building on the foundation of an in-
person farmer leadership exchange held in 2020, land-grant partners in the Mississippi-
Atchafalaya River basin pivoted due to the pandemic to offer a series of virtual farmer exchanges 
in winter 2021. These events were part of an EPA-supported, multi-state project to facilitate peer 
learning among farmers about conservation. The University of Kentucky Cooperative Extension 
Service led the planning of this event, which brought together farmers and natural resources 
managers from across the Mississippi-Atchafalaya River basin, including several from 
Kentucky.  
The Virtual Farmer Shop Talk series was offered as four stand-alone events on a Zoom platform. 
Topics included conservation finance, nutrient management planning, on-farm trials, and farmer 
successes with conservation practices. Each event featured a panel of expert and farmer speakers 
followed by facilitated discussion among attendees. The final event featured an all-farmer panel 
(including a Kentucky farmer) with panelists sharing their experiences with conservation 
practices. The series attracted nearly 200 participants from 18 unique states, with each session 
recorded and made available online for later viewing. Farmers represented row crop, large and 
small livestock, and fresh market produce operations. 
Post-workshop evaluations indicated that 89% of respondents learned about practices that would 
save money are their farms; 78% learned about a resource to help them implement conservation 
practices; and 89% gained confidence in their ability to effectively implement conservation 
practices. 
Successes of the series include expanding the technological capacity of the implementation team 
for virtual events, building of social capital among the team members, broadening the 
geographical reach of the project, and facilitating meaningful conversations for peer-to-peer 
learning. Several farmers commented on how refreshing it was to learn from other farmers even 
when production practices were varied by geography and commodity. 
The project team learned several valuable lessons from these virtual farmer exchanges: 1) 
farmers need a network of peers to support them in the implementation of conservation practices; 
2) high-quality, content-rich conversations among a few farmers are far more important than the 
overall number of participants; 3) farmers are open to virtual learning when it provides 
opportunities for meaningful information exchange; and 4) virtual platforms are a valuable tool 
for conservation practice peer-to-peer learning.  
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Peer-to-peer learning is an effective and preferred way for farmers to learn new practices. In 
addition to this event, the project is facilitating farmer-to-farmer learning through a mini-grant 
program to establish or expand demonstration sites and an online platform for farmers to connect 
digitally.  
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Solutions Begin with Understanding: Off-the-Grid Communities and 
Contaminated Karst Groundwater in Southcentral Kentucky* 
Chris Groves1, Lee Anne Bledsoe1, Pat Kambesis1, Amy Hourigan1, Margaret Gripshover1, Marissa Schorr2, and 
Susan Jones3 
1Department of Earth, Environmental, and Atmospheric Sciences, Western Kentucky University 
2Geoscientist in the Parks Program, National Park Service 
3School of Nursing and Allied Health Western Kentucky (retired)   
chris.groves@wku.edu 
 
In a unique geographic concordance, there are many Amish and Mennonite communities living 
on southcentral Kentucky’s Pennyroyal Plateau. As in other karst landscapes there is limited 
availability of surface water, and groundwater is generally contaminated by agricultural land use. 
Many families here are choosing to live off-the-grid and forgoing certain modern technologies, 
in some communities even living without electricity. A question presents itself: in very rural 
areas of the karst landscape here where little or no water is available at the surface, and 
groundwater is likely to be contaminated, where are families without electricity getting water, 
how are they moving it around, and how are they making it safe to drink?    
The answers are complex, and we report here on recent progress by scientists and students in 
Western Kentucky University’s Crawford Hydrology Lab and our colleagues to develop 
relationships that are the first step to understand the physical and cultural complexities of these 
communities and their interactions with water. In the first phase of this work, we showed that 
over a one-year effort every sample of untreated water from four family karst water supply 
springs in Barren and Monroe Counties was contaminated with fecal bacteria, and that relatively 
simple home treatment with reverse osmosis—in communities where electricity is available—
provides effective treatment even during storms when contaminant levels rise. 
The biggest potential challenges appear to be in communities in which there is no electricity. In 
places people are hand-carrying water from karst springs and drinking it without treatment, and 
in some cases, people are getting ill as a result.  
We are developing a Geographic Information Systems (GIS) database to quantify the 
concordance of karst hydrogeology and such off-the-grid communities in the ten-county Barren 
River Area Development District of southcentral Kentucky and have published an ArcGIS Story 
Map Hidden Landscapes: Potentially Vulnerable Communities in Kentucky's Karst Groundwater 
Region. In early 2021, in a participatory project we conducted a workshop Groundwater Safety 
in Limestone Country for Allen County’s Old-Order Mennonite Red Hill Community.  
In fieldwork to gather data for these efforts we are developing relationships and learning a great 
deal about this fascinating physical/cultural landscape. There is a range of methods used to move 
water without electricity. One common device uses horses (or other animals) on treadmills 
(Figure 1) which can power water pumps and run a variety of other tasks, and other engineering 
designs convert forms of mechanical energy in water (in a clever application of Bernoulli’s law) 
to lift water without external power sources (Figure 2). 
*This presentation is based upon work supported by the U.S. Geological Survey under Grant/Cooperative 
Agreement No. G20AS00025, WRRI 104B Annual Grant Program. 
 





            Figure 1. In Kentucky Mennonite communities without electricity, animal-powered treadmills are  
            used to pump water and can provide power for a variety of other tasks. These horses on this day  
            were driving a cement mixer (photo by Chris Groves). 
 
 
Figure 2. Exploiting a clever application of Bernoulli’s Law, this Allen County device lifts water to operate a 
grinding mill with no external power sources (photo by Chris Groves). 
